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Seed dispersala b s t r a c t
Habitat disturbance has caused a global decline in populations of frugivores, with critical consequences
for seed dispersal. Large-seeded plants are especially threatened as they depend on a restricted number
of large-bodied dispersers that are vulnerable to extinction and cannot maintain populations in most dis-
turbed habitats. Cercopithecine monkeys are potentially key seed dispersers in disturbed habitats,
because of the robustness of some species to disturbance and their ability to disperse large seeds. How-
ever, the potential ecological roles of the more disturbance-tolerant species are rarely discussed. This
review evaluates the seed dispersal role of cercopithecines in disturbed habitats by investigating their
ability to tolerate habitat disturbance, their seed dispersal abilities, and the threats to species survival.
Cercopithecines are characterised by ecological ﬂexibility; most species adjust their diet, group size,
home range size and, often, feeding methods according to resource availability and habitat structure.
Consequently, 79% of species are tolerant of varying degrees of habitat disturbance. Cercopithecines
are often inconsistent seed dispersers, but they have the capacity to disperse many seeds, large seeds
and to disperse them across large distances. They may be among the most important frugivores in altered
environments in Asia and Africa. However, many disturbance-tolerant cercopithecine species are tar-
geted by local people as pests, which poses a major threat to their conservation. In conclusion, the man-
agement of all disturbance-tolerant cercopithecine species should be re-evaluated given their importance
in the regeneration of degraded Asian and African habitats.
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Seed dispersal is a critical process in ecosystem maintenance
and recovery, but is negatively impacted by all forms of ecosystem
disturbance (McConkey et al., 2012). Decline in frugivore diversity
and abundance (Dirzo, 2001) causes a reduction in the quantity of
seeds being dispersed, changes in seed dispersal patterns and,
ultimately, alteration of plant assemblages (Markl et al., 2012;
McConkey et al., 2012; Muller-Landau, 2007). These changes further
affect the vulnerability of ecosystems to added threats such as
invasive species and climate change (Brook et al., 2008; McConkey
et al., 2012). Seed dispersal becomes especially critical for forest
regeneration as land degradation becomes more severe and less
ﬂoristic resources are available (da Silva et al., 1996; Duncan and
Chapman, 2002). This problem results partially from the low num-
ber of animal-dispersed seeds that are brought into some disturbed
areas (Duncan and Chapman, 1999; Vulinec et al., 2006), because
the associated low fruit abundance makes them unattractive to
potential dispersers (da Silva et al., 1996), and partially from low
establishment of dispersed seeds (Balcomb and Chapman, 2003).
The largest frugivores within an ecosystem provide an irre-
placeable seed dispersal service, because smaller animals are
generally unable to manipulate the large fruits these animals for-
age on (Babweteera et al., 2007; Campos-Arceiz and Blake, 2011;
Forget et al., 2007; Otani, 2010; Tutin et al., 1991). However, these
large frugivores are frequently the most vulnerable in disturbed
habitats, because of their large or specialised food requirements
and/or because they are targeted by hunters (Campos-Arceiz and
Blake, 2011; Corlett, 2007; Sethi and Howe, 2009; Stoner et al.,
2007). Conservation management of the largest frugivores is con-
founded by the large tracts of undisturbed habitat these animals
require, and populations cannot be maintained in the long term
in regions with a high human presence (Hill et al., 2002; Laurance
et al., 2006; Naughton-Treves, 1998). For the long-term regenera-
tion of disturbed habitats or maintenance of permanent habitat
fragments, it is critical to identify frugivores that can persist in
degraded regions and those which are capable of dispersing the
larger seeds within these habitats.
Cercopithecine monkeys are one of the most species-rich and
broadly distributed subfamilies of primates in the world (Marini
et al., 2012). While some species are dependent on undisturbed
habitats, others are among the most conspicuous primates in heav-
ily disturbed regions (Biquand et al., 1994; Gross-Camp and Kaplin,
2011; Richard et al., 1989; Rowe and Myers, 2011; Twinomugisha
et al., 2006). Cercopithecine monkeys are considered important
seed dispersers in many habitats where they have been studied
(e.g., tropical forests (Kaplin and Moermond, 1998), temperate for-
ests (Tsujino and Yumoto, 2009), savannas (Slater and du Toit,
2002)). Some species may currently be providing critical services
in disturbed habitats in Asia and Africa (Agmen et al., 2010). How-
ever, the role of most species is under-appreciated because species
that are most tolerant to disturbance are frequently considered to
be pests and may be actively persecuted (Hill and Webber, 2010).
The aim in this review was to determine how prevalent distur-
bance-tolerance was among cercopithecine species, and to evalu-
ate their importance as seed dispersers in disturbed habitats. To
achieve the second part of our aim, we reviewed studies on seed
dispersal in all habitats and identiﬁed behavioural and ecological
factors that inﬂuence seed dispersal and are potentially modiﬁed
by disturbance. We asked the following questions: (1) whatproportion, and taxa, of cercopithecines are tolerant of different
degrees of disturbance? (2) What morphological, behavioural and
ecological characters are associated with disturbance-tolerance in
cercopithecines? (3) How do these characteristics inﬂuence the
seed dispersal role of cercopithecines in disturbed habitats? (4)
What are the major threats to cercopithecines in disturbed
habitats?
2. Materials and methods
The tolerance of cercopithecine species to habitat disturbance
was assessed from their ability to maintain permanent popula-
tions in disturbed habitats, and therefore when using the term
‘‘tolerant’’ in this study, we are making reference to the presence
of populations within disturbed habitats. Tolerance ranking was
primarily determined from the current IUCN redlist (2013), using
the list of habitats occupied. This list notes species that occurred
in secondary forests (recorded in our study as low tolerance, T1),
rural gardens, plantations, pastures, and heavily degraded former
forest (collectively recorded as medium tolerance, T2), and urban
areas (high tolerance, T3). Species not recorded in any of these
habitats were noted to be intolerant (I). For species recorded in
several habitats, the most disturbed habitat occupied served to
deﬁne the tolerance score. Then, following literature reviews on
all species, we altered the tolerance ranking when evidence for
a different ranking was found. Since only Cercocebus chrysogaster
was noted to be data deﬁcient on the redlist, we assume our
rankings are representative of the species’ abilities to tolerate dis-
turbance, rather than a function of the data available. A recently
described species, Cercopithecus lomamiensis (Hart et al., 2012),
currently has no listing on the IUCN Redlist and was not given
a tolerance ranking.
Data on eco-ethological characteristics of cercopithecines are
presented in Appendix A. These were taken mainly from Rowe
and Myers (2011), and Sargis et al. (2008) for locomotion, Murray
(1975) for cheek pouch size and use, and Enstam and Isbell (2007)
for percentage of fruit in diet. Exhaustive literature reviews were
conducted for seed dispersal studies on all cercopithecine species,
and for all research conducted in disturbed areas on cercopithe-
cines. We also reviewed studies on the behavioural ecology of cer-
copithecines to determine what environmental factors inﬂuence
their behaviour and may have consequences for seed dispersal in
disturbed habitats. Data from all accessible studies are reported
regardless of study length.
To assess the relative importance of factors determining the
tolerance (Intolerant (I), Low (T1), Medium (T2), or High (T3) toler-
ance) of cercopithecine species, we ﬁtted generalised linear mixed
models (GLMM). We ﬁrst chose traits according to the following
criteria: (1) the ability of traits to deﬁne the ﬂexibility of a species
to changing environmental conditions, (2) data were available for
most species, (3) data could be divided into broad categories which
encompassed the intra-speciﬁc variability that may be present
(and is not a function of study length), and (4) data were not a
function of study length (e.g., home range size). Thus, traits in-
cluded in the GLMMs were vegetation type (Forest, Forest + Non-
forest, Non-forest (i.e., wetlands, savanna, shrubland, grassland,
rocky areas and caves)), locomotionmode (Terrestrial, Semi-terres-
trial, Arboreal), predominant diet item (Frugivorous, Folivorous,
Faunivorous or Omnivorous when fruit, vegetation and animal
matter are all consumed in signiﬁcant proportions (i.e., over
302 A. Albert et al. / Biological Conservation 170 (2014) 300–31020%)), and intensity of cheek pouch use (Low, Medium, High,
following Murray (1975)) of each cercopithecine species. Intra-
speciﬁc variability prevented the use of other ecological character-
istics in the GLMMs, such as home range and group size (although
we discuss these traits in relation to disturbance-tolerance gener-
ally). We did not include other life history characteristics in the
GLMMs because they do not differ signiﬁcantly amongst cercopi-
thecines, or they are correlated with habitat types (which we in-
cluded in our analyses) (Marini et al., 2012). We hypothesised
that cercopithecines able to live in non-forested habitats, terres-
trial or semi-terrestrial, with an omnivorous diet, and able to use
their cheek pouches frequently were more likely to be highly toler-
ant to disturbance (see Section 3.2). We ﬁtted the GLMMs, for each
of the cercopithecine traits, using the lme4 package (Bates et al.,
2012) in R. We used cercopithecine traits as explanatory variables
(i.e., predictors) and genus as a random factor. We calibrated
GLMMs with a binomial distribution and a logistic link function
(i.e., logit). For predictor selection, we employed a two-step proce-
dure. We ﬁrst ﬁtted univariate models and then, incorporated sig-
niﬁcant variables from the univariate models into the multivariate
models, with a stepwise selection, so that all independent variables
signiﬁcantly contributed to each ﬁnal model. We used hypothesis
testing because we focused on the signiﬁcance of independent
variables (cercopithecine traits) that explained each response var-
iable (tolerance level). We used z-tests (SigmaPlot 11) to compare
Asia and Africa in terms of number of disturbance-tolerant species,
number of species living in intermediate types of disturbed habi-
tats, number of species able to persist in urban environments,
number of disturbance-tolerant species living in secondary forest,
and number of threatened species (listed in the IUCN Redlist asFig. 1. Summary of cercopithecine habitat use in Africa (N = 46 species) and Asia (N =
tolerance levels to each species we only used the most disturbed habitat in which the
heavily degraded areas and pastures, and T3 = urban areas; and (C) total number of cercop
habitats they may be displayed more than once.vulnerable, endangered, critically endangered; IUCN, 2013). Alpha
was set at 0.05 for all analyses and all tests were two-tailed tests.
3. Tolerance of cercopithecines to habitat disturbance
3.1. Disturbance-tolerant cercopithecines
The family Cercopithecinae includes 12 genera and 69 species
(Wilson and Reeder, 2005) (Appendix A). Eleven of these genera
are distributed in sub-Saharan Africa (47 species). The remaining
genus,Macaca, is one of the most widespread primate genera, with
22 species, ranging from Asia (21 species) to North Africa (1 spe-
cies). All cercopithecine species live within the tropics (Oates,
1987), except two species (Macaca fuscata and Macaca sylvanus)
which are adapted to temperate areas. Most cercopithecine species
(43 species) have populations conﬁned to forested habitats, espe-
cially Asian species, while 22 species can use both forest and
non-forested habitats (i.e., wetlands, savanna, shrubland, grass-
land, rocky areas and caves) (Fig. 1A). The four remaining species,
all in Africa, are found completely in non-forest habitats (Table 1,
Appendix A).
Most cercopithecine species (79%) can live in disturbed habitats
(Fig. 1B), while 21% are intolerant and for one species there is
insufﬁcient data (Appendix A). Among cercopithecine species,
15% (from three genera; Table 1) have populations in urban areas
(T3) where they forage during the day, and sometimes sleep at
night (Richard et al., 1989; Seth et al., 2001); Chlorocebus species
are particularly tolerant with four out of six species occurring in
urban areas (Table 1). A further 28% of species can survive in
habitats of intermediate disturbance (T2) and secondary forest21 species): (A) vegetation type occupied; (B) tolerance to disturbance; to assign
species lives: I = Intolerant, T1 = secondary forest, T2 = rural gardens, plantations,
ithecine species found within each habitat type; since most species occupy multiple
Table 1
Summary of vegetation types occupied, conservation status and disturbance tolerance of cercopithecine genera. Numbers of species that are threatened (listed as CR, EN or VU on
the IUCN Red List 2012) are listed for each genus. To assign tolerance levels to each species we only used the most disturbed habitat in which the species lives: T1 = secondary
forest, T2 = rural gardens, plantations, heavily degraded areas and pastures, and T3 = urban areas. Species not recorded in any of these habitats were noted to be intolerant (I).
Some species are known to raid crops but cannot maintain populations in disturbed habitats; these species are perceived negatively by local people and are listed separately here.
Genus No. of species Vegetation type occupied No. of species threatened Tolerance Crop raider
Single Multiple I T1 T2 T3 Unknown
Sub-Saharan Africa
Allenopithecus 1 1 1 0 1 0 0 0 0 1
Cercocebus 6 6 1 4 2 4 0 0 0 5
Cercopithecus 19 8 3 9 5 8 5 0 1 6
Chlorocebus 6 5 5 1 1 0 1 4 0 3
Erythrocebus 1 1 1 0 0 0 1 0 0 1
Lophocebus 2 2 0 0 0 2 0 0 0 1
Mandrillus 2 2 1 2 0 2 0 0 0 2
Miopithecus 2 2 1 0 0 0 2 0 0 1
Papio 5 4 5 0 0 1 3 1 0 5
Rungwecebus 1 1 0 1 1 0 0 0 0 1
Thercopithecus 1 0 1 0 1 0 0 0 0 1
South-east Asia
Macaca 21 21 5 14 3 6 8 4 0 17
North Africa
Macaca 1 1 1 1 0 0 0 0 0 0
Fig. 2. Characteristics of most disturbance-tolerant cercopithecines and the behavioural consequences of these characteristics (shown in white boxes). The impact these
behaviours have on seed dispersal are shown on the right. Habitat disturbance can have direct consequences on some of these characteristics, and these are shown on the left
with dotted lines (+ = increase,  = decrease).
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bance (T1). Cercocebus is the genus with the highest proportion of
intolerant species (Table 1). Cercopithecus, Chlorocebus and Macaca
also have some disturbance-intolerant species, and the remaining
disturbance-intolerant species are from the specialised genera
Allenopithecus, Rungwecebus and Theropithecus (Table 1).
Both Asia (90% of 21 species) and Africa (74% of 46 species)
have similar proportions of cercopithecines occupying disturbed
habitats (z-test, z = 1.492, p = 0.136), but Asian species aresigniﬁcantly more likely to be found in intermediate types of
disturbed habitat than African species (T2; z = 1.765, p = 0.040)
(Fig. 1B). This may reﬂect the higher human population density
and associated land-use in this region (Corlett and Primack,
2008), or, it may indicate that the single genus (Macaca) found in
Asia is particularly well-adapted to these habitats. Most distur-
bance-tolerant species in Africa are found only in secondary forests
(T1) (Fig. 1C), although this ﬁgure is statistically comparable to
Asian populations (z = 0.792, p = 0.430) (Fig. 1B). Percentage of
304 A. Albert et al. / Biological Conservation 170 (2014) 300–310species able to persist in urban environments is similar in both
regions (T3; z = 0.604, p = 0.549) (Fig. 1B). From a habitat per-
spective, in which each species is recorded in all occupied habitats
(rather than the most disturbed habitat occupied), pasture is
inhabited by the fewest cercopithecine species, followed by urban
areas (Fig. 1C).
3.2. Characteristics that are related to disturbance-tolerance
Despite the large diversity of traits encompassed by the cercop-
ithecines (Marini et al., 2012), there are several traits that are com-
mon to most taxa and may promote disturbance-tolerance (Fig. 2).
In particular, cercopithecines may show a high behavioural and
ecological plasticity (i.e., diet, home range, and group size ﬂexibil-
ity; Chapman et al., 2002; Marini et al., 2012). This may pre-adapt
some cercopithecine species for survival in habitats with altered
habitat structure, patchy resource distribution, and limited fruit
resources (Isaac and Cowlishaw, 2004).
Dietary ﬂexibility is exhibited by all cercopithecine species but
the specialist graminivore, Thecopithecus gelada (Appendix A).
While most species preferentially consume fruits or foliage, they
are able to adapt their diets according to resource availability
(Barrett, 2009; Chapman et al., 2002) and a few species show little
specialisation for speciﬁc food-types (i.e., Omnivores; Appendix A).
This promotes efﬁcient resource use in disturbed habitats and
facilitates the consistent use of human food in anthropogenic areas
(Brotcorne et al., 2011; Ram et al., 2003).
Flexibility is also shown by the 42 cercopithecine species (62%)
deﬁned as semi-terrestrial, since they are able to consume fruit
from all layers of the habitat (Appendix A; Kaplin and Moermond,
1998; Yasuda et al., 2005; Albert, 2012). The remaining species are
either completely terrestrial (18%) or arboreal (19%). Finally, a sig-
niﬁcant percentage of cercopithecine species (39% of 68 species)
occupy multiple vegetation types, which may pre-adapt them to
using disturbed areas.
Home ranges are variable within most cercopithecine species,
inferring high adaptability to habitat conditions. Most home ranges
are large (71% of 52 species have populations with home ranges
>100 ha), or very large (21% >1000 ha) (Appendix A), and may vary
by factors of 1.2–43 times among populations of the same species
(N = 35 species; mean = 3.3). Further, it is the most tolerant spe-
cies that exhibit the largest variation (I = 4.1, T1 = 3.5,
T2 = 5.8, T3 = 10.3). The smallest home ranges are in the genera
Cercopithecus and Chlorocebus, and the largest in Papio.
Group sizes are often highly ﬂexible within most cercopithecine
species, probably as a response to environmental conditions
(Chapman and Chapman, 2000). Maximum recorded group size
are frequently large, ranging from 10 to 845 individuals (N = 65
species; Appendix A), and species with multiple studies have
shown variability in group size that may vary by factors of 1.4–50
times (median = 4.2x; N = 46 species). A speciﬁc form of ﬂuid group
structure, termed ﬁssion–fusion dynamics, has been conﬁrmed in
at least 11 species (17%; Appendix A), and may occur in more
Macaca species (Barton, 2000; McFarland and Majolo, 2011).
Species with a high degree of ﬁssion–fusion dynamics change the
size of their group according to their activity and the availability
and distribution of resources (Amici et al., 2008; Aureli et al.,
2008; Chapman and Chapman, 2000). Groups usually split (ﬁssion)
into smaller subgroups for more efﬁcient use of patchily distrib-
uted and temporally varying food sources, and thus to reduce
competition, and merge (fusion) where resources are abundant,
or at sleeping sites to lower the risk of nocturnal predation (Aureli
et al., 2008).
A unifying morphological feature across all cercopithecine spe-
cies is the presence of cheek pouches (Murray, 1975) and the use
of these enables more efﬁcient resource use under stressfulconditions (Warren et al., 2011), such as that which occurs in
disturbed regions. Whole fruits are stored in the cheek pouches, and
then returned singly to the oral cavity where pulp is removed
and the seed is spat out. They are used by animals mainly to
store fruits while continuing to move, which has beneﬁcial
consequences for their ability to exploit fruit crops in stressful
conditions (Lambert and Whitham, 2001) as well as for seed
dispersal (Lambert, 2005). Most species (72%) have large cheek
pouches they use frequently, while the six species with small
cheek pouches use them infrequently (Murray, 1975; Appendix
A). Animals are more likely to store food in their cheek pouches
under conditions of intense intra-group competition (Lambert
and Whitham, 2001), or predation risk (Smith et al., 2008), such
as in disturbed areas with a high human presence (Warren
et al., 2011). Crop raiding by some cercopithecines is widespread
in both Asia and Africa (Naughton-Treves, 1998; Priston, 2005;
Saj et al., 2001; Weyher et al., 2006; Wieczkowski, 2005) (Table 1,
Appendix A) and cheek pouches provide a direct advantage to
raiding animals because they can store food within the cheek
pouches quickly, and retreat to a safer location to consume it
(Warren, 2008). Baboons used their cheek pouches signiﬁcantly
more often when raiding crops (Warren, 2008), and also when
provisioned by humans, probably to cope with high levels of
intra-group competition (Lambert and Whitham, 2001).
3.3. Meta-analysis of disturbance-tolerance characteristics
Six ecological traits associated with adaptability, and therefore
disturbance-tolerance, were identiﬁed using the data we gathered
on each cercopithecine species: a diet not dominated by fruit, use
of multiple vegetation types, semi-terrestrial locomotion, frequent
use of cheek pouches, large and variable home ranges and variable
group size. Intolerant species had the lowest incidence of these
traits (median number of traits displayed by each species = 2.5;
21% of species had at least half of the traits) and highly tolerant
species had the highest incidence (median = 6; 87%). T1 and T2 dis-
played an intermediate number of these traits (medians = 3.5 and
3; 50% and 33%, respectively).
GLMMs were developed for each tolerance level (T1–3) for four
of these traits (home range and group size variables were not in-
cluded; see methods). Two models (T1 and T3) showed an associ-
ation between one selected cercopithecine trait and tolerance
level. A low tolerance to habitat disturbance (T1) was positively
associated with occupying forest only (coefﬁcient: 1.735 ± 0.698;
p-value = 0.013). A high tolerance to disturbance (T3) was posi-
tively associated with occupying multiple vegetation types (e.g.,
Forest + Non-forest) (coefﬁcient: 2.011 ± 1.016; p-value = 0.048)
and negatively associated with a fruit-dominated diet (coefﬁcient:
2.813 ± 1.024; p-value = 0.006). These results suggest that forest-
dependent cercopithecines are likely to be less tolerant to distur-
bance, contrary to those able to live in multiple vegetation types.
Moreover, cercopithecines whose diet is not dominated by fruits
are more likely to be tolerant.
These results support the idea that the high ﬂexibility of
some cercopithecine species infers greater tolerance to distur-
bance. The ﬂexibility in the behaviour and ecology of the most
tolerant species enables them to adapt their home range size,
location and their diet to habitat disturbance (Tutin et al.,
1997; Twinomugisha et al., 2006), and they can even exploit re-
sources made available through human activities (Boulton et al.,
1996; Ram et al., 2003). On the contrary, some species depend
highly on forest, probably due to their arboreal habits or their
reliance on speciﬁc dietary items. The ability of many cercopi-
thecine species to tolerate disturbance has important conse-
quences for their function as seed dispersers into or across
disturbed habitats (Fig. 2).
Table 2
Advantages and disadvantages to plant recruitment of the three modes of seed dispersal displayed by studied cercopithecine species. Points listed have been conﬁrmed for some




Endozoochory Long-distance seed dispersal (>1 km) resulting from large home ranges of
cercopithecines
Size of swallowed seeds is limited by gape, but size limitations are not
absolute for cercopithecines
Removal of fruit pulp, which reduces pathogen attack and removes
germination inhibitors (Lambert, 2001; Pringle et al., 2007)
(Appendix B)
Chemical scariﬁcation, which can enhance germination (Traveset and
Verdú, 2002)
Clumped dispersal pattern or presence of fecal material may induce
lower rates of seedling establishment (Andresen, 1999)
Synzoochory Dispersal of larger seeds than similar-sized seed swallowers (Gross-Camp
and Kaplin, 2011)
Large numbers of seeds dispersed under crown, but rates of seed removal
can be high (Lambert, 1999, 2001)
Dispersal of more seeds than similar-sized seed swallowers (Corlett and
Lucas, 1990)
Varied seed shadow (McConkey and Brockelman, 2011)
Higher rate of seedling establishment (Gross-Camp and Kaplin, 2011)
Epizoochory
(by hand)
Access to large, hard-husked fruit not available to smaller or arboreal
frugivores (Balcomb and Chapman, 2003)
Short dispersal distances
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4.1. Cercopithecines as seed dispersers
Cercopithecines are unique among primates because they
disperse seeds in three different ways (Yumoto et al., 1998): epizo-
ochory (dispersal via the outside of the animal, e.g., by dropping),
endozoochory (dispersal by swallowing and defecation) and synzo-
ochory (dispersal by storing fruit in cheek pouches and spitting
seeds out). They alternate these seed processing techniques
according to phenology patterns, plant species and resource avail-
ability (Kaplin and Moermond, 1998; Tsujino and Yumoto, 2009),
and may even use various deposition patterns for the same plant
species (Albert, 2012; Lambert and Garber, 1998). This creates a
unique seed shadow, which could have positive consequences for
seed survival (Gross-Camp and Kaplin, 2005; Schupp et al., 2010;
Stoner et al., 2007). Research on the seed dispersal capabilities of
cercopithecines is available for 21 species (31% of all species;
Appendix B).
Seed swallowing, and subsequent deposition in the feces, is
usually considered the most advantageous form of handling for
seed recruitment (Table 2) (Chapman and Russo, 2007; Lambert,
2002b). Physical limitations of gape size constrains the seed sizes
that can be swallowed by primates, but animal behaviour and fruit
characteristics also determine whether a seed will be swallowed or
dropped (Lambert and Garber, 1998). In cercopithecines, swal-
lowed seeds tend to be smaller than spat-out seeds (Lambert,
1999; Lucas and Corlett, 1998) (Appendix B) but recorded seed size
limitations of most cercopithecines are not absolute. As seed size
increases, the animals tend to swallow fewer seeds and spit more,
thereby still dispersing a small number of large seeds by defecation
(Kaplin and Lambert, 2002; Kaplin and Moermond, 1998; Otani,
2010; Poulsen et al., 2001; Yumoto et al., 1998). The largest seed
recorded being swallowed for each species (N = 8) is signiﬁcantly
related to body size (Pearson’s correlation: r = 0.792, p = 0.02) with
seeds as long as 42 mm being swallowed byMandrillus leucophaeus
(Astaras and Waltert, 2010) the largest cercopithecine (Appendix
B). In fact, some larger cercopithecine taxa are able to disperse
by endozoochory seeds of a comparative size range as apes (Kunz
and Linsenmair, 2008).
The ability of cercopithecines to swallow a range of seed sizes
is important, because they are potentially good long-distance
seed dispersers. Dispersal distances are a product of the gut
retention time of the animal and the distance they travel
during this period. Cercopithecines have among the longest gut
retention times across the primate order (Appendix B) (Lambert,
1998, 2002a) and can cover relatively long distances daily(200–13,000 m/day, with most populations travelling more than
1000 m/day) (Appendix A). Hence, their ability to move seeds
long distances is potentially comparable with other large-bodied
seed dispersers such as elephants (Campos-Arceiz et al., 2008)
and hornbills (Holbrook and Smith, 2000) and increases the
probability for seeds to be dispersed in different habitats than
from where they were ingested.
The use of cheek-pouches and subsequent seed-spitting by cer-
copithecines has been considered an inefﬁcient form of seed dis-
persal. It frequently results in large numbers (>80%) of seeds
deposited under or close to the crown of the parent plant, where
rates of seed predation and seedling competition are often high
(Lambert, 1999, 2001). More recent studies, however, suggests this
unique mode of dispersal may often have key advantages for seed
recruitment (Table 2). First, cheek-pouch use allows even smaller-
bodied cercopithecines to disperse large-seeded species, and they
can potentially disperse larger seeds than seed-swallowing prima-
tes (e.g., the average size dispersed is 25 mm in Cercopithecus lho-
esti vs 15 mm in Pan troglodytes schweinfurthii; Gross-Camp and
Kaplin, 2011). Second, when animals do not swallow seeds, which
would be inert bulk in their gut, they can potentially consume
many more seeds than seed swallowing primates (Corlett and
Lucas, 1990; Lambert, 1999; McConkey and Brockelman, 2011).
Third, the rate of seedling establishment for spat seeds of some
plant species has been found to be higher than for defecated seeds
(Balcomb and Chapman, 2003; Gross-Camp and Kaplin, 2011) and
seeds dropped by birds and bats (Kankam and Oduro, 2012).
Fourth, high removal rates of seeds from the vicinity of the parent
plant have now been documented for some plant species dispersed
by Macaca (>80%; McConkey et al. unpublished data), and dis-
tances of several hundred metres have been recorded for spat
seeds (Huang, 2005; Appendix B). Finally, when cercopithecines
both spit and defecate seeds of the same species the resulting var-
iability in the seed shadow can be beneﬁcial to a plant, because
seeds reach a wider variety of regions and distances (McConkey
and Brockelman, 2011; Poulsen et al., 2001).
The largest fruits processed by cercopithecines are transported
in the hands (Table 2). While most seeds are dropped at short dis-
tances from the parent plant, longer distances have been recorded
(e.g., 130 m for a Mangifera indica seed by Macaca leonina; Albert
et al., 2013). The dexterity of cercopithecines and their frequently
terrestrial life-styles, leaving their hands free to hold fruits, means
they can access seeds in large, hard-husked fruits that are unavail-
able to smaller, or primarily arboreal, primates (Balcomb and
Chapman, 2003). Consequently, they have been recorded dispers-
ing seeds from fruits primarily dispersed by elephants, albeit less
efﬁciently (Nakashima et al., 2008).
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Looking at the different cercopithecine genera, most research
on seed dispersal by cercopithecines in disturbed habitats has been
limited to less tolerant (T1) species of Cercopithecus (Chapman and
Onderdonk, 1998; Gross-Camp and Kaplin, 2011; Kirika, 2007),
with a few studies on Papio (T2–T3; Duncan and Chapman, 2002;
Reinhardt and Rossouw, 2000; Slater and du Toit, 2002), Chlorocebus
(T3; Agmen et al., 2010) and Macaca (T3; Tsuji, 2011) in more
disturbed habitats. Studies on seed dispersal by highly tolerant
(T3) cercopithecines in a diversity of disturbed habitats are almost
completely lacking.
Studies on Cercopithecus have focused on their occupation of
forest fragments and movements between them. Only C. lhoestii
has been documented dispersing seeds into disturbed habitats
(Gross-Camp and Kaplin, 2011); however, several other species
have been reported to use good quality forest fragments or move
between fragments (Cercopithecus ascanius, Cercopithecus cephus,
Cercopithecus nictitans, Cercopithecus mitis, Cercopithecus mona;
Chapman et al., 2002; Chapman and Onderdonk, 1998; Kaplin
and Moermond, 1998; Kirika, 2007; Stickler, 2004; Thomas,
1991) and probably disperse seeds within fragments or the matrix
surrounding fragments. Lophocebus albigena has also been reported
consuming fruit in heavily disturbed regions (Kirika, 2007).
Papio species vary in their tolerance to habitat disturbance, but
they are considered effective dispersers because they transport
seeds over long distances and across a variety of habitats (Kunz
and Linsenmair, 2008) and have been documented dispersing
primary forest tree species into logged plantations (Duncan and
Chapman, 2002). In savanna habitats, they are among the few dis-
persers that can disperse seeds across fence lines (Slater and du
Toit, 2002) and are considered principal dispersers of several inva-
sive plant species (Mworia et al., 2011; Reinhardt and Rossouw,
2000).
The genus Chlorocebus has the largest proportion of highly tol-
erant species (T3; see Section 3.1). However seed dispersal studies
have only been conducted on one species, Chlorocebus tantalus, in a
mosaic of fragmented forest and degraded grasslands in Nigeria
(Agmen et al., 2010). The studied population regularly used de-
graded regions and C. tantalus was considered to be an important
disperser of forest edge species into grasslands; all scats contained
seeds, from 12 plant species.
Macaca are the largest frugivores in many highly-disturbed
Asian habitats and may consume a wide range of fruit types
(Corlett, 2011), but their role in seed dispersal in these habitats
has rarely been investigated. The only published study is on
M. fuscata inhabiting intercity forests in Tokyo. Preliminary evi-
dence suggests they disperse a similar diversity of fruit as in
less-disturbed habitats, with 85% of scats containing seeds of 20
plant species (Tsuji, 2011).4.3. The impact of eco-ethological factors on seed dispersal in
disturbed regions
Animal behaviour has direct consequences for seed deposition
(i.e., seed shadow; Nathan and Muller-Landau, 2000). Therefore,
the behavioural and ecological ﬂexibility displayed by many cer-
copithecine species, will inﬂuence their seed dispersal function
within disturbed habitats (Fig. 2). The few studies that have been
conducted on changes in cercopithecine behaviour and ecology
in disturbed habitats indicate alterations in diet (Chapman et al.,
2002), foraging and movement patterns (Stickler, 2004), and group
size (Fukuda, 2004; Menon and Poirier, 1996; Singh et al., 2002;
Singh and Vinathe, 1990), and all these factors directly impact seed
deposition.Intra-speciﬁc feeding competition is among the most important
determinants of fruit handling behaviour, and subsequent seed
deposition patterns in cercopithecines, because it promotes cheek
pouch use, and encourages individuals to move away from the food
source to process fruits and deposit seeds (Lambert, 2005; Smith
et al., 2008). The intensity of competition between individuals is
inﬂuenced by habitat quality, resource distribution and troop size,
and consequently may change for cercopithecine populations
inhabiting disturbed habitats. While larger troops have a greater
number of competitors (Murray, 1975; Oates, 1987), the impact
of troop size on fruit handling is relative to the abundance and dis-
tribution of resources. In habitats with patchily distributed, high
quality, resources (e.g., forests), competition among individuals
can be intense and cheek pouch-use more frequent (Lambert,
2005), particularly in larger food patches because sub-groups are
less likely to occur (Aureli et al., 2008). In smaller food patches, ﬁs-
sion of the social unit may occur, which precludes an increase in
competition (Aureli et al., 2008; Chapman and Chapman, 2000;
Fukuda, 1989). Permanent group ﬁssion and dispersal of individu-
als occurs in someMacaca species in degraded areas where there is
a shortage of natural foods (Dittus, 1988; Fukuda, 2004), although
for some species group size increases have been recorded (Menon
and Poirier, 1996; Singh et al., 2002; Singh and Vinathe, 1990).
These increases may be due to the availability of human food, such
as crops or food provisioning, compensating for the reduced fruit
abundance (Brotcorne et al., 2011; Menon and Poirier, 1996; Singh
et al., 2002; Singh and Vinathe, 1990). Competition among cercop-
ithecines could increase or decrease in degraded areas; a small
decrease in resources initiating group ﬁssion could decrease com-
petition, while a severe decrease in resource availability may in-
crease competition. This is an important response to disturbance
that is under-studied in cercopithecines and has direct conse-
quences for their seed dispersal function (Fig. 2). In habitats where
competition increases, the proportion of seeds dispersed and seed
dispersal distances are likely to increase, while the opposite may
occur in habitats where competition decreases.
Fruit abundance and distribution have important implications
for diet, seed handling behaviour and movements of cercopithe-
cines, with direct consequences for seed dispersal in disturbed
regions (Fig. 2). When overall fruit supplies are low, which more
commonly occurs in disturbed regions (Johns and Skorupa,
1987), some species reduce overall fruit consumption (e.g.,
Cercopithecus; Chapman et al., 2002) or switch from being seed
swallowers and spitters to seed predators (Gautier-Hion et al.,
1993; Kaplin and Moermond, 1998; Poulsen et al., 2002). However,
the preference of most cercopithecines for fruit means they may
travel long distances (even in disturbed areas) to exploit favoured
items (Stickler, 2004) and may remain effective dispersers for the
fruit species that are available. In Macaca populations that
exploited scattered resources across heterogeneous habitats,
groups travelled between high concentrations of a given fruiting
plant species, thereby dispersing seeds within the speciﬁcally suit-
able habitat in which the con-speciﬁc adult trees are distributed,
which may be beneﬁcial for recruitment (Tsujino and Yumoto,
2009). The dietary ﬂexibility of most cercopithecines and diffuse
foraging patterns mean they revisit fruiting trees less frequently
than many efﬁcient frugivores, but disperse seeds more widely
(Clark et al., 2004) and may disperse more seed species (Clark
et al., 2001).
5. Threats to cercopithecines
5.1. Major threats to cercopithecines
Half the cercopithecine species (48%) are threatened (listed in
the IUCN Redlist as vulnerable, endangered, critically endangered;
Fig. 3. Conservation status of cercopithecine species in Africa (N = 46 species) and Asia (N = 21 species) (A) and disturbance-tolerance of threatened and non-threatened
cercopithecine species (B). Conservation status: CR = critically endangered, EN = endangered, VU = Vulnerable, NT = near threatened, LC = least concerned, DD = data deﬁcient.
Disturbance-tolerance: I = Intolerant, T1 = can occupy secondary forest, T2 = can occupy rural gardens, plantations, pastures and heavily degraded former forest, T3 = can
occupy urban areas. Source for threatened status and habitat occupation is IUCN (2012) and Deikumah and Kudom (2010), Sha et al. (2009), Tsuji (2011), O’Brien and Kinnaird
(1997), Riley and Priston (2010), Dittus (1977), Maisels et al. (2006), and Hoffman and O’Riain (2011).
A. Albert et al. / Biological Conservation 170 (2014) 300–310 307IUCN, 2012) (Table 1, Appendix A), with nearly twice as many spe-
cies considered to be threatened in Asia (67%) than in Africa (39%)
(z-test, z = 2.129, P = 0.033) (Fig. 3). In both regions habitat loss and
hunting are the primary threats; in Africa 64% of species are threa-
tened with habitat loss and 51% hunting, while in Asia 71% of spe-
cies are threatened with both habitat loss and hunting. Persecution
is also a major threat, particularly in Asia (48%; Africa 24%). Some
cercopithecine species currently have no major threats (29% in
Africa, 10% in Asia).
All the highly tolerant cercopithecine species (T3) are not threa-
tened and are generally of low conservation priority (Fig. 3).
Cercopithecine species that have medium or low tolerance to dis-
turbance are almost equally divided between a threatened and
non-threatened status, but the threatened species are frequently
targets for hunters or are persecuted as pests (IUCN, 2013). Hence,
for cercopithecine species that are tolerant of habitat disturbance
and could be important seed dispersers in such environments, tar-
geted hunting (for food or as pest control) is the major threat to
their survival. Insufﬁcient food resources also have consequences
for cercopithecines in disturbed habitats; some forest fragments
in eastern Africa were noted to be of insufﬁcient quality to support
permanent populations of species of medium tolerance (Swart and
Lawes, 1996; Worman and Chapman, 2006).5.2. Persecution of cercopithecines in disturbed areas
Human population growth brings humans and wildlife into
direct competition within an increasingly overlapping niche
(Priston, 2005; Sillero-Zubiri and Switzer, 2001). Crop raiding has
been widely documented among cercopithecines (26 species, 57%
of species in sub-Saharan Africa, and 13 species, 62% in Asia), even
among species that are not able to establish permanent popula-
tions in degraded areas (8 species) (Appendix A). Indeed their intel-
ligence, the ability of most species to travel quickly on the ground
and their cheek pouch use (enabling them to store more food)
make them successful crop-raiders (Warren, 2008). The invasion
of agricultural and urban areas by cercopithecines is a result of
increased urban development (Biquand et al., 1994), natural or
human-induced reduction in food supplies in less disturbed areas
(Fukuda, 2004; Riley, 2007), increased foraging efﬁciency inagricultural areas and/or local extinction of the natural predators
of cercopithecines (Warren et al., 2011).
Agonistic interactions between cercopithecines and humans in
agricultural areas and cities (Chauhan and Pirta, 2010; Richard
et al., 1989) frequently lead to a negative perception of the mon-
keys by local people. Even in forested areas there frequently exists
a high overlap between important food species in cercopithecine
and human diets, and therefore negative interactions between
them (Kinnaird, 1994; Riley, 2007). However, there is often a mis-
match between damage inﬂicted by animals (e.g., during crop raid-
ing) and that reported or perceived to occur (Lee and Priston, 2005;
Riley, 2007). In particular, species that occur in large groups and
are visually intimidating are most frequently likely to be perceived
as a serious pest, regardless of the amount of damage caused (Hill,
2000; Riley, 2007). This negative perception poses a major threat to
their conservation (Hill and Webber, 2010; Lee and Priston, 2005).
The lethal control of ‘‘pests’’ has caused the extinction of several
animal species (Woodroffe et al., 2005) and cercopithecines are fre-
quently killed in retaliation for raiding (Boulton et al., 1996; IUCN,
2013; Priston, 2005; Richard et al., 1989; Strum, 2010).6. Conservation and research implications
The small number of studies documenting seed dispersal by
cercopithecines in disturbed habitats is unlikely to reﬂect the
occurrence of such seed dispersal events, but rather the perception
that such events are unimportant. Neither seed dispersal studies
nor primate ecological studies in highly disturbed habitats have
been a research priority in much of Africa and Asia. However, in
this review we show that many cercopithecine taxa are pre-
adapted to exploiting scattered resources and adjusting their diet
according to resource availability. With their long gut passage
times and long travel distances, cercopithecines are likely to be
regularly dispersing seeds across fragments and into or within
degraded areas (Corlett, 1998; Duncan and Chapman, 2002). The
pre-adaptations that promote dispersal-tolerance in some cercop-
ithecine species, however, may also alter their seed dispersal role
in these habitats. It is critical we improve our understanding of
seed dispersal by cercopithecines in disturbed habitats, particu-
larly for those species directly persecuted by humans. Further,
the conservation status of all disturbance-tolerant cercopithecines
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may play.
7. Conclusions
Nearly 80% of cercopithecine species can live in disturbed
habitats and most of these species are potentially important seed
dispersers into, within and across these habitats. Because of their
large intra-speciﬁc ﬂexibility with respect to diet, locomotion, veg-
etation type occupied and group size, many species have the
capacity to adapt to heterogeneous habitat conditions, such as
those associated with disturbance. Cheek-pouch use by cercopithe-
cines enables them to disperse large seeds and many seeds, while
large daily ranges promote long distance dispersal events. Conse-
quently, cercopithecines are potentially among the most effective
seed dispersers in disturbed habitats in Africa and Asia. However,
changes in behaviour and ecology as a consequence of disturbance
may modify their role. As habitat disturbance accelerates in Asia
and Africa, it is critical to identify which seed dispersal agents
can persist in the altered environments and to determine their
capacity for seed dispersal in these disturbed habitats (McConkey
et al., 2012). Many cercopithecine species are excellent examples
of potentially important seed dispersal agents that have not been
considered a high priority for studies in most regions, particularly
in disturbed Asian habitats.
The major threat to the survival of disturbance tolerant cercop-
ithecines is direct hunting – for food or as a measure of pest reduc-
tion. For cercopithecine species that are currently threatened, such
threats are considered to be serious and solutions to the negative
perception of cercopithecines are sought (Riley et al., 2011). How-
ever, it is critical that the management of all disturbance-tolerant
species be re-evaluated – not only the threatened species – since
their conservation could be the ﬁrst step to the regeneration of
degraded Asian and African habitats (Lambert, 2010).
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